, which modify their target proteins by attaching ubiquitin proteins to them. Ubiquitin modifications can have many effects on proteins, from influencing their cellular location to causing their degradation. In fact, the cullin protein that makes up the backbone of each CRL must itself be modified by a ubiquitin-like protein, NEDD8, before it can function as a ubiquitin ligase. The CSN inhibits this activity by detaching NEDD8 from cullin, and can also bind 'deneddylated' CRLs, thereby maintaining CRL inactivity after NEDD8 removal [4] [5] [6] [7] . The CSN structure described by Lingaraju and colleagues brings to mind a widely splayed hand on which a small box sits askew, topped by a tomato (Fig. 1) . Like a hand, the CSN has five digits (the amino-terminal ends of CSN1, 2, 4, 7, and 3 plus 8) projecting from an organizing centre, the palm. The palm is formed by the 'winged-helix' subdomains of these subunits, which associate to form a horseshoe-shaped structure. Resting on the hand is the box, formed by bundling of the carboxy-terminal ends of each subunit. Sitting atop this platform is the CSN5-CSN6 tomato.
Whereas some aspects of the CSN structure were anticipated from previous work on related proteins, it is a big surprise that the structure obtained by Lingaraju and co-workers is in an inactive configuration. The active site of the CSN is specified by a 'JAMM' domain in the CSN5 automated data-processing pipeline. More than 800 short (115-millisecond) exposures are collected of each target, and these must first be calibrated, centred and averaged into a single image. The light from the primary star is then subtracted from the image, and an automated target-detection algorithm is applied. Companion stars that are as faint as one one-hundredth to four one-thousandths of the primary can be detected in median to good atmospheric conditions; this is not faint enough to find exoplanets, but more than sufficient to identify many companion stars. Once the brightness of a companion star has been measured, its mass and diameter can be determined from standard stellar models and from the characteristics of the primary star.
Law et al. have provided updated estimates for the planetary radii of each of the Kepler candidates with a fainter companion star. Five small planet candidates have been confirmed to be less than twice the diameter of Earth, but a larger number of other candidates could be significantly bigger than this threshold if they are found to be orbiting the fainter companion star instead of the primary (this would require future observations of their transits with Robo-AO or some other high-resolution system). The team also suggests that several of the stars with multiple Kepler candidate planets are likely to be coincident multiples -two separate planetary systems orbiting both stars of the binary pair. In addition, the Robo-AO observations so far yield plausible (98% confidence) evidence 3 that giant planets with orbital periods of less than 15 days are two to three times more likely than longer-period planets to be found in binary-star systems. This suggests that companion stars have a role in creating close-in giant planets and stabilizing their orbits. The researchers expect to observe every Kepler candidate using Robo-AO by the end of 2014 to confirm this conclusion, and aim to develop a more comprehensive statistical sample of planetary systems associated with binary stars.
More generally, these results are a convincing indication that laser-guide-star adaptive optics is now ready for highly efficient, quantitatively precise, high-resolution astronomical observations. Current and future adaptive optics systems on much larger telescopes than the Palomar 60-inch telescope -such as Keck, Gemini and the European Southern Observatory's Very Large Telescope -can produce even sharper images of even fainter objects, but much work will be needed to match the degree of automation and efficiency already demonstrated by Robo-AO. ■ , which has been used by Law and colleagues 3 to observe star systems that are thought to host planets, projects a laser beam above the Palomar 60-inch telescope to generate an artificial guide star. This is then used to sense and correct atmospheric blurring. The ultraviolet beam is not visible to the human eye, but it can be seen in digital cameras after their internal filters are removed.
Brent Ellerbroek is in the Instrumentation

STRUCTURAL BIOLOGY
Corralling a proteindegradation regulator
The crystal structure of the COP9 signalosome, a large protein complex that regulates intracellular protein degradation, reveals how the complex achieves exquisite specificity for its substrates. See Article p.161 subunit. Typically, the active sites of the enzymes in the JAMM family contain a zinc ion (Zn 2+ ) bound by three evolutionarily conserved amino-acid residues (two histidines and an aspartate), with the remaining ligand-binding site of Zn 2+ occupied by a water molecule that has been activated by another evolutionarily conserved amino acid, glutamate 76 (Glu 76; ref. 8 ). This activated water molecule detaches ubiquitin or ubiquitin-like proteins from their targets by hydrolysis. Whereas the histidine and aspartate residues of CSN5 are positioned as expected in the CSN structure, the water molecule is replaced by another amino acid, Glu 104. This explains a long-standing puzzle: whereas other JAMM-containing proteins efficiently cleave model substrates, such as ubiquitin with a rhodamine dye attached to its C terminus, purified CSN does so only poorly.
Lingaraju et al. tested the role of Glu 104 in CSN regulation by performing enzyme assays on CSN complexes in which Glu 104 was mutated. This mutant cleaved ubiquitinrhodamine much faster than the natural enzyme, indicating that Glu104-Zn 2+ binding might keep the CSN in an inactive state when it is free from CRL. Notably, mutation of the adjacent residue, threonine 103, results in defective development of the nervous system in fruit flies 9 , which suggests that Glu 104-mediated regulation is required for proper control of CSN activity in vivo.
The inhibited state of unbound CSN raises the obvious question of how the CSN gains its activity on binding CRLs. The authors used computer-modelling studies to compare their crystal structure of free CSN with a structure determined by electron micro scopy 7 in which the CSN was bound to a CRL enzyme to which NEDD8 is attached. This comparison showed clearly that, to reconcile the two structures, substantial rearrangements of CSN2, CSN4 and CSN5-CSN6 must occur when the CSN and CRL bind (Fig. 1) . In particular, movements in CSN4 and CSN6 must lead to a change in the CSN4-CSN6 interface.
To probe the significance of this interface, Lingaraju and colleagues deleted a β-hairpin loop in CSN6 that contributes to its interaction with CSN4. Surprisingly, the resulting complex, like the Glu 104 mutant, efficiently cleaved ubiquitin-rhodamine. It also deneddylated CRL more than four times faster than did the wild-type enzyme. These observations make it tempting to speculate that CSN4 is the signalosome's CRL sensor, and that CSN4 movement during CRL binding triggers a cascade of rearrangements transmitted through CSN6 that prise CSN5's Glu 104 residue away from Zn 2+ , so that Glu 76 can move into position, activating the CSN. However, when the authors made a double mutant lacking both the CSN6 loop and Glu 104, they found it to be more active than either individual mutant, suggesting that these two mutations have independent effects, rather than acting in a linear cascade. Furthermore, the N-terminal region of CSN4 does not seem to make strong contact with CRL 7 , indicating that the CSN's CRL sensor may be in another subunit.
This study highlights a crucial lesson on the use of evolutionary conservation to predict enzyme regulation. Comparing the crystal structure of the CSN with those of the JAMMcontaining enzymes AMSH-LP (ref. 10 ) and Rpn11 (refs 11, 12) reveals that, although all three use the same amino acids to coordinate Zn 2+ and the activated water molecule, their activities are controlled in markedly different ways. AMSH-LP seems to be constitutively active, Rpn11 activity is promoted by rearrangements that bring the enzyme and its target substrate into proximity 13, 14 , and CSN5 is activated by substrate-driven relief of inhibition. Strikingly, CSN5 is inhibited by distinct mechanisms depending on whether the subunit is on its own 15 or integrated into the CSN. Although some generalizations apply across the JAMM family, it is clear that each member has its own distinctive features.
What lies ahead for research on the CSN? It will be fascinating to examine the structure of different CSN mutants, to work out the mechanism by which binding to CRLs brings about major conformational changes. It would also be wonderful to see a CSN-NEDD8-CRL complex in its full glory, to gain an atomic-level view of the CSN-CRL interface and how it might be influenced by NEDD8 or substrates that bind to CRL. Another question is whether binding of the CSN to neddylated or de neddylated CRL promotes the same conformational change in the CSN.
Binding and kinetic studies of the CSN and the mutated complexes reported by Lingaraju et al. should reveal whether the CSN's catalytic rate is determined by the conformational rearrangement that occurs on CRL binding. Furthermore, in vivo studies with Glu 104 and CSN6-loop mutants should show why free CSN must be inhibited.
Finally, this structure may help the design of drugs that act on the CSN, which could be an attractive target for the treatment of breast and liver cancer 16, 17 . Although detailed characterization of CSN inhibitors has not been reported, my laboratory has identified several candidates through high-throughput screening (PubChem AID652009). The surprising observations reported by Lingaraju et 
